A 24 year-old woman had a congenital solitary kidney with renovascular hypertension due to fibromuscular dysplasia. She had been treated as having essential hypertension until she developed preeclampsia and HELLP (hemolysis, elevated liver enzymes, and low platelet count) syndrome at 28 weeks of gestation. Plasma renin activity and captopril test results did not indicate any abnormalities. However, renography revealed captoprilinduced deterioration. Magnetic resonance angiography was also useful to detect renal artery stenosis. These findings were confirmed by renal angiography. After successful percutaneous transluminal renal angioplasty, her blood pressure and the pattern of captopril renography normalized. (Int Heart J 2005; 46: 347-353) Key words: Captopril renography, Fibromuscular dysplasia, HELLP syndrome, Magnetic resonance angiography, Renovascular hypertension, Solitary kidney RENAL artery stenosis in a patient with a solitary kidney is relatively rare. As these patients are at a high risk of developing renal insufficiency, 1) accurate assessment of the renal blood supply is essential. While angiography provides the best imaging of renal arteries and remains the gold standard, it cannot evaluate renal function and is not completely risk-free. Captopril renography, which can be used to assess the response of each of the renal functions to the renin-angiotensin system, detects renovascular hypertension (RVHT) with high sensitivity and specificity. [2] [3] [4] This test is also considered useful for patients with a solitary kidney, although the extent to which hypertension and renal function depend on renin is still controversial. 5) We report here a patient with a congenital solitary
RENAL artery stenosis in a patient with a solitary kidney is relatively rare. As these patients are at a high risk of developing renal insufficiency, 1) accurate assessment of the renal blood supply is essential. While angiography provides the best imaging of renal arteries and remains the gold standard, it cannot evaluate renal function and is not completely risk-free. Captopril renography, which can be used to assess the response of each of the renal functions to the renin-angiotensin system, detects renovascular hypertension (RVHT) with high sensitivity and specificity. [2] [3] [4] This test is also considered useful for patients with a solitary kidney, although the extent to which hypertension and renal function depend on renin is still controversial. 5) We report here a patient with a congenital solitary kidney with RVHT. Her plasma renin activity (PRA) and captopril test results were normal and her hypertension was considered to be volume-dependent rather than renin-dependent. However, the captopril renography suggested that angiotensin II played a role in maintaining her renal circulation. Captopril renography was the only examination which led to the functional diagnosis of RVHT in this patient.
CASE REPORT
A 24-year-old woman with systemic hypertension was referred to our hospital. She had undergone a caesarean section 2 weeks previously because of preeclampsia and HELLP syndrome at 28 weeks of gestation. According to the patient's medical history, systemic hypertension was first noted at age 19. At that time, she was examined at another hospital and was diagnosed as having a congenital solitary kidney without a left ureter. She showed no renin-angiotensin or catecholamine hormonal abnormalities. Her blood pressure was maintained at 150-160/90-100 mmHg as a result of antihypertensive treatment with amlodipine (5.0 mg/day), atenolol (50 mg/day), and enalapril (5.0 mg/day).
After the caesarean section, both the patient and her baby showed good progress. When the patient was referred to us, her blood pressure was 150/100 mmHg under treatment with nifedipine (30 mg/day), methyldopa (750 mg/day) and dietary sodium restriction (up to 7 g NaCl per day). Enalapril had been stopped since the pregnancy. She showed slight systemic edema. Heart auscultation found a systolic ejection murmur (Levine 1/6) and a third heart sound. All peripheral pulses were normally palpable, and there were no significant differences in blood pressure between limbs. Vascular bruit was audible on the left epigastrium. Funduscopy revealed no abnormalities. Chest radiography showed a normal cardiac silhouette, and electrocardiography and echocardiography findings were also normal without any signs of left ventricular hypertrophy. Blood analysis showed anemia and she was positive for urine protein at admission. Her urine protein was negative and urine sediment was normal before gravid. The creatinine clearance and hormone levels were within the normal ranges (Table) . A captopril stimulated test was performed after all antihypertensive medications were withdrawn for 3 days. The PRAs before and at 60 minutes after captopril administration were 2.7 and 3.1 ng/mL/hr; the slight increase was not significant. The blood pressures before and after administration of captopril were 134/90 mmHg and 128/84 mmHg. Abdominal computed tomography (CT) and magnetic resonance imaging (MRI) ( Figure 1A ) showed a right hypertrophic kidney (6 × 6 × 10 cm) and no left kidney.
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There was a likelihood of renal artery disease based on the clinical features of hypertension at a young age (under 25), resistance of hypertension to treatment, absence of any other etiology, and abdominal bruit. Nevertheless, 99m Tc- 
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labeled diethylenetriaminepentaacetic acid (DTPA) renography indicated normal function in the right kidney with a peak activity at 2.5 minutes and estimated gromerular filtration rate (GFR) of 47 mL/min, but no function in the left kidney. This was followed by 131 I-orthoiodohippurate (OIH) captopril-enhanced renography. Renal scans were carried out 1 hour after oral administration of 50 mg of captopril. The renogram of the right kidney showed an obstructive pattern with a late peak at 15 minutes, which suggested right renal arterial stenosis ( Figure 2C ). Blood pressure monitored during the examination did not change significantly. MR angiography was performed to evaluate the renal arteries ( Figure 1B) . We found stenosis of the distal portion of the right renal artery, 1-2 cm in length, and the left renal artery was absent. Based on these findings, renal angiography was performed. Inferior vena cava angiography showed normal right and vestigial left renal veins, while no left renal artery was detected on abdominal aortography. Selective right renal arteriography detected bead-like multiple segmental stenoses with maximal luminal stenosis of 75% (Figure 2A Two weeks later, percutaneous transluminal renal angioplasty (PTRA) was performed. The patient's right renal artery was dilated to 10% stenosis with a 5-mm balloon catheter ( Figure 2B ). After PTRA, her urination was transiently enhanced and the blood pressure decreased to 130/80 mmHg the next day without administration of any antihypertensive agents. The edema disappeared within 3 days. The creatinine clearance assessed 7 days after PTRA was 74.4 mL/min, showing no significant change.
131
I-OIH captopril-enhanced renography performed 5 days after angioplasty indicated a normal flow pattern ( Figure 2D ).
DISCUSSION
There are two basic animal models of RVHT.
6) The first, one-clip, two-kidney Goldblatt hypertension, in which blood pressure elevation is dependent on the renin-angiotensin system, is the most common. The second, less common model is one-clip, one-kidney Goldblatt hypertension, which is thought to be volume-dependent. In this model, increased sodium retention is induced because of the relative lack of functioning renal mass, and expansion of the plasma volume inhibits renin secretion. In human disease, RVHT associated with a solitary kidney and renal artery stenosis is considered to be of this second type. The rationale for the captopril renography is that the ACEI captopril reduces the angiotensin IIdependent efferent arteriolar resistance which results in a reduction in transcapillary forces in the glomerulis and therefore reduces renal function in the kidney distal to the stenosis. 7) Captopril-induced reduction of glomerular filtration in the renogram provides clear evidence of functionally significant stenosis in a renal artery with a sensitivity and specificity in excess of 90%, and is regarded as the most reliable functional diagnosis of RVHT. [2] [3] [4] In patients with a solitary kidney and renal artery stenosis, the issue of degree of renin dependency of renal function remains controversial, while on the other hand, Fanti, et al have reported that captoprilenhanced renography is useful in patients with a solitary kidney. 5) In this previous study, five of six patients with a solitary kidney and significant renal artery stenosis had positive captopril renography findings, and they supported the hypothesis of the renin dependency of blood pressure elevation in solitary kidney with stenosis. In our patient, the renography without captopril showed a normal solitary kidney pattern, and captopril administration apparently induced a reduction in glomerular filtration. Furthermore, the patient's blood pressure decreased following polyuria after PTRA. These results suggested that local angiotensin II in the kidney participated in the maintenance of her renal circulation to produce a normal glomerular filtration rate. Although the blood pressure elevation in our patient was considered to be volume-dependent rather than renin-dependent, the captopril renography suggested the renin dependency of her renal circulation. Captopril renography can be a functional diagnosis of RVHT also in patients with a solitary kidney.
In secondary renal failure with renovascular disease, the ability of renography to assess the RVHT might be compromised. Fernandez, et al have reported that in hypertensive patients with renal failure (with the mean GFR of 35 ± 17 mL/min), captopril-induced renographic change can detect functional renal artery stenosis with a sensitivity of 100% and a specificity of 66%. 8) However, when the baseline renography without captopril is abnormal, captopril renography may be indeterminate especially in a solitary kidney, and further, there is the possibility of a false-positive reaction. The utility of captopril renography in patients with renovascular disease with renal failure should be reviewed carefully. In addition, when treating hypertensive patients with ACEI, RVHT with bilateral renal artery stenosis or with a solitary kidney should be considered as a differential diagnosis in order to avoid deterioration of renal function, because local angiotensin II participates in maintaining compensated renal circulation in these specific RVHT patients.
Dondi, et al reported that captopril renography, when it shows the presence of captopril-induced deterioration, is a strong predictor of the success of blood pressure control by renal artery revascularization in patients with suspected RVHT, with a positive predictive value of 97% (32 of 33 cases). 9) Setaro, et al also reported that scintigraphic abnormalities induced by captopril were strongly associated with a cure or improvement in blood pressure control following revascularization or nephrectomy (16 of 19 cases). 10) Captopril renography thus seems to be an effective technique for identification of RVHT that would benefit from renal artery revascularization. In our patient, the blood pressure was normalized in the short term by PTRA, and this result was consistent with expectations based on the captopril-induced scintigraphic changes.
Although renal arteriography is the gold standard for confirmation of the diagnosis and cause of renal artery stenosis, there are risks associated with procedure-related complications and contrast media nephropathy. These risks are especially considerable in patients with only a solitary kidney. Vascular studies, such as MRA, duplex ultrasonography, and CT, are becoming more widely used as noninvasive and reliable means of visualizing the renal artery. The sensitivity and specificity of MRA for the detection of hemodynamically significant stenosis of the main renal artery were reported to be around 90%. 11, 12) However, MRA is less reliable for the diagnosis of FMD, and duplex utrasonography seems more suit-Vol 46 No 2 able for the assessment of patients with suspected FMD. 11) In our patient, the combination of captopril renography and MRA proved to be an effective screening method to detect RVHT.
Percutaneous revascularization of renal artery stenosis involves conventional balloon angioplasty, with or without stenting. The procedure is successful in 82% to 100% of patients, and stenosis recurs in 10% to 11%. 13) Hypertension is more likely to be cured after revascularization in patients with FMD than in those with atherosclerotic renal artery stenosis, 13) and revascularization is also feasible in patients with a solitary kidney with 91.7% of patients benefiting from PTRA after a mean follow-up of 32.5 months. 14) Furthermore, for patients with both atherosclerosis and FMD, those with outcomes classified as treatment failures were older and had undergone treatment for hypertension for a longer period than those classified as cured. 14) Our patient was cured of hypertension immediately after PTRA, and this may have been because the renal artery stenosis was due to FMD or because of her younger age and comparatively early diagnosis and intervention. Nevertheless, long-term follow-up is essential in this case.
